Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.L,i_l
Vol.3, No.19, 2013 ||S E

Effects of Different Concentrations of Biocides on Fungal
Populations | solated from Biofilms of Corroded Oil Pipelines

Godwin U. Akpan and Gregory S. EffiorfgBoniface D. Akpah
'Department of Soil Science and Land Resources Mamangt,
University of Uyo, P.M.B. 1017, Uyo, Nigeria
’Department of Animal Science, University of UyolB. 1017, Uyo, Nigeria
E-mail of the corresponding authgodwinuakpan@uniuyo.edu.;jagumorenl@yahoo.com

ABSTRACT

Microbiologically influenced corrosion is a problecommonly encountered in facilities in the oil agds
industries. The present study described fungal enation and identification in biofilms of oil pipeks in
Oshie flow station in Rivers State and Irri flovatstn in Delta State, Nigeria using traditional tuation
technique. The fungal species isolated in biofilfrem the two sites are as followerticillium dahlae,
Saccharomyces cerevisiae, Penicillium corylophilum, Botrytis cinerea, Fusarium paradoxus, Aspergillus
paradoxus, Humicola grisae, Aureobasidium pullulans, Monilia balanitis, Hormoconis resinea, Asperillus flavus
and Helimenthosporium maydis. The study also focuses on the use of three késcid inhibit or eliminate the
identified organisms in order to minimize the mitkerand financial losses encountered by oil and gas
companies, because of microbiologically influencedosion (MIC). The performance of three biocifezone,
sodium hypochlorite and formaldehyde) at the cotveg¢ions 0, 1, 2, 3, 4 and 5% in eliminating thedal
species isolated from biofilms of oil pipelinesRivers and Delta States, Niger Delta, NigeriaslIshown that
formaldehyde an ozone exhibit the best biocidatatteristics and concentrations of 1 and 2 % eluteid all to
almost the fungal species after 72 hours of contamke. This study is relevant to the problem of
microbiologically influenced corrosion as the datay contribute to elucidate which fungal speciastigbute to
the MIC process and to gain a better understanafiige fungal community of biofilms. This study Wgive us
better understanding of the biocide capable ofialitimg fungal species in biofilm of oil and gagglines.
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1. Introduction

Microbiological influenced corrosion of mild stg@pelines is an important economical problem fgcin
oil and gas industries. Microbes form tuberclesjcWwiblock fluid flow and can facilitate localizedrosion
leading to through-wall penetrations. Microbes wkedse physiological types and metabolism poteitigal have
been recovered from fresh tubercles or under-deposirosion and characterized. Microbiologicaluahced
corrosion is increasingly recognized as a seriaadlpm when metal surfaces are exposed to natuaidrss
(Popeet al., 1984).

Microbiologically influenced corrosion or biocorios is a corrosion problem in the oil and gas
industries facilities. These may occur when micablionsortia interact with metallic surfaces throute
establishment of multispecies biofilms in whichfeiiént microorganisms contribute to corrosion tigloa co-
operative global metabolism (Litle and Ray 2002grfiehel 2002). Corrosion affects the operation and
maintenance cost of the pipelines, and many oilpips face severe corrosion and biofouling prokléBenka
Cokeret al. 1995).

Generally, most microbiologically influenced coriars studies focused only a bacterial involvement,
however, under aerobic conditions, other singldtedeorganisms such as fungi, yeast and diatomsatsm
influenced corrosion (Prasad, 2000).

The predominant types of fungi associated with MI€ acid producing fungHormoconis resiaea)
hydrocarbon utilizing fungi(Penicillium sp.and Cédal species), heterotrophic fun@atcharomycess sp ) and
fungi secreting organic acids and slime (PuyateRingd-Rukeh, 2008).

These organisms coexist within a biofilm matrixoétal surfaces, functioning as a consortium in a
complex and coordinated manner. The various meshemnbf biocorrosion reflex the variety of physiotad
activities carried out by these different typesro€roorganisms when they coexist in biofilms (AlkSaet al.,
2011). The activities of these microorganisms causiorrosion of petroleum pipelines may be corgiblor
inhibited by the application of biocides or surfats (Lechevallieet al., 1988). Examples of biocides are
chlorine, sodium azide, glutaraldehyde and sodiypobhlorite (Videla, 1996).

Despite decades of study on MIC, it is still notoim with certainty how many species of
microorganisms contribute to corrosion and reseagsckontinue to report on the formation of biofilimg an
ever-widening range of microbial species. Howewerthis study, we have isolated and identified efiit
fungal species from biofilms of oil pipelines. Tlsisidy was therefore designed to identify otheradoganisms

38



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.L,i_l
Vol.3, No.19, 2013 ||S E

other than heterotrophic and sulphate-reducingeb@cinvolved in the corrosion of oil pipelines ahé control
measures in order to eliminate the losses facedllaynd gas industries.

2. Materialsand M ethods
2.1 Sampling of Biofilms

To obtain the biofilm samples, twenty mild steelipons (surface area 4.57Greach and density 7.57
g/cnt each) were placed at the inner surface of eactlipgp (Fig. 1). The coupons have the same chemical
composition as the pipelines. Two coupons weregulgier pipeline and exposed to the flow of petnoldar a
period of 127 days. The involved pipelines wereated at the Oshie flow station in Rivers State aridlow
station in Delta State of Nigeria. Five pipelinesr&vmarked for sampling per flow station; overah pipelines
were sampled. The coupons were detached from tie inegions of the oil pipelines and the biofilfamed
were removed with sterile razor blades and colteatéo sterile bottle with 10ml phosphate buffesadine pH
7.0 (Sambroolet al., 2000).

The biofilm samples were name according to the liraa pipelines in Rivers State are: OSH 01
(7TBG), OSH 04 (6LS), OSH 13 (6 SS), OSH 17 (11, £8)C 04 (OBF 31 LS), Pipelines marked for sampling
in Delta State are: Irri 02 (Irri 4LS), Irri 06 (1227T), Irri 07 (ISK 4LS), Kwale 05 (Kwale IPP), Kale 06 (8LS),

2.2 Microbiological Analysis

i) Serial Dilution: Ten-fold serial dilutions of the biofilm samplegre made as outlined by (Collins and
Lyne) Harrigan and McCance 1976).
i) Inoculation and Incubation: One milliliter of ten-fold serially diluted biofihs samples were

inoculated onto Sabouraud Dextrose Agar platesiplidates using pour plate technique (Collins and
McCance 1976), inoculated plates were incubate2B4 for 48-72 hours for the enumeration of total
heterotrophic fungi. Visible discrete colonies meibated plates were counted and expressed ag/colon
forming units per ml (cfu/ml) of biofilm samples.

(iii) Maintenance of pure culture discrete colonigas purified by repeated sub-culture unto Sabalirau
Dextrose Agar. Pure culture were preserved on SabduDextrose Agar slants and stored in the
refrigerator (4C) for further tests and identification (IV) chat@dzation and identification of fungal
isolates. Fungal isolates were identified basethertaxonomic schemes of (Lodder, 1974 and Domsch
et al., 1980). Briefly, the wet mount for examination dddntification of fungal isolates was employed
using lactophenol in cotton blue stain. A dropaftbphenol in cotton blue stain was placed on arcle
slide, using sterile inoculating needle, a loopffib-7 days cultures were transferred unto cle@agg
free slides. The specimens were flooded with lawtopl in cotton stain for 3-5 minutes. The slides
were carefully covered with cover slip to avoid lirbbles and then mounted on the microscope. The
slides were then placed under a X 40 objectivé@fmicroscope to focus.

The following features were looked for and record=mony colour, types of stoma, nature of
hypha, special vegetative structures, asexual spepecial reproductive structures, conidial headl a
vesicle shapes.

2.3 Preparation of Culture Medium/Biocide

The medium of choice for the determination of miaim inhibitory concentration is Sabouraud
Dextrose Broth. Thirty grammes of Sabouraud Degt®soth was suspended in 1000 ml of distilled wateat
heated gently to dissolve the medium completele medium was dispensed into test tubes 99ml, 9Bmh,
96ml, 95ml and 90ml for control, bearing the narh¢he organisms to be tested and the percentagédbmto
be used (that is, 0,1,2,3,4,5%) then sterilized abtoclaving at 12C for 15 minutes and allowed to cool
before inoculated with the biocides and isolates.

24 Preparation of Biocides

i. Ozone

One per cent (1%) ozone was prepared adding 1nmeoothe 99ml sabouraud dextrose broth (SDB).
Two per cent (2%) was prepared by adding 2 ml Ozorikee 98ml sabouraud dextrose broth.

Three per cent (3%) was prepared by adding 3ml ®rothe 97ml sabouraud dextrose broth.

Four per cent (4%) was prepared by adding 4ml Orotiee 96ml sabouraud dextrose broth and,

Five per cent (5%) was prepared by adding 5ml Ozonlee 95 ml sabouraud dextrose broth.

ii. Sodium hypochlorite (NaOCI)

One per cent (1%) was prepared by adding 1ml sotliypochlorite to the 99ml sabouraud dextrose broth.
Two per cent (2%) was prepared by adding 2ml sodiypochlorite to the 98ml sodium hypochlorite
Thee per cent (3%) was prepared by adding 3ml sodligpochlorite to the 97 ml sabouraud dextrosehbrot
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Four per cent (4%) was prepared by adding 4ml sodiypochlorite to the 96ml sabouraud dextrose bratldl
5% was prepared by adding Five per cent (5%) wapgved by adding 5 ml sodium hypochlorite to thenB5
sabouraud dextrose broth.

iii. For maldehyde (HCHO)

One per cent (1%) was prepared by adding 1ml fatetaldeto the 99ml sabouraud dextrose broth.

Two per cent (2%) was prepared by adding 2ml fodetayde to the 98ml sodium hypochlorite

Thee per cent (3%) was prepared by adding 3ml fakehgde to the 97 ml sabouraud dextrose broth.

Four per cent (4%) was prepared by adding 4ml ftdeteyde to the 96ml sabouraud dextrose broth, &d 5
was prepared by adding Five per cent (5%) was peepby adding 5 ml formaldehyde to the 95ml sabadira
dextrose broth.

25 Inoculation and Incubation of |solatesfor MIC.

Antimicrobial activity is measured by determinirgetsmallest amount of the agent needed to inhibit
the growth of a test organism, a value called mimiminhibitory concentration (MIC). To determine thBC
for the three biocides (ozone, sodium hypochloaitel formaldehyde) against all the detected furmyies of
culture tubes were prepared and inoculated. Eabk tontains Sabouraud Dextrose Broth with different
concentration of the agents (0, control (with nocie but distilled water), 2,3,4 and 5 percent)e Tubes were
incubated for a period of 48-72 hours af@8After incubation, the tubes were checked foiblés growth
(turbidity), and the MIC determined colorimetrigaby measuring g the absorbance at 680nm (Tabterityol
tubes were inoculated with sterile distilled waf€he efficiencies (E%) of biocides (Table 2) weedcalated
according to the following equation:

E% = _E uninhibited — E inhibited x 100

E uninhibited

3. Results and Discussion

The results in Figures 1 and 2 show the numbeurgdl species isolated from biofilms of oil pipelin
in Rivers State and Delta State respectively. Thicated that twelve fungal species were isoldtedn
biofilms of oil pipelines in both Rivers and De#ate.

These fungi included the followingVerticillium dahlae, Saccharomyces cerevisiae, Penicillium
corylophilum, Botrytis cinerea, Fusarium paradoxus, Aspergillus paradoxus, Humicola grisae, Aureobasidium
pullulans, Monilia balanitis, Hormoconis resinea, Asperillus flavus and Helimenthosporium maydis, one of the
simplest ways to measure the effect of biocidesannorganism is by determining the minimum inhibjtor
concentration (mic) which prevent growth in a sbligamedium.

The results in Tables 1 and 2 showed the biocidiity and biocidal efficiencies of each biocide a
different concentration against each fungal speméated from biofilms of oil pipelines. It may tseen that
ozone, completely eliminated IsoVefticillium dahlae) from one per cent with biocidal efficiency of 28Gand
then Formaldhyde with the biocidal activity of On®d from 1 per cent level of concentration and thganism
was completely wiped off from 2 per cent levelscoficentration with the biocidal efficiency of 108rgcent.
This was followed by sodium hypochlorite, which degsed the organism from 1% concentration levabuf
concentration levels where the organism was elitathavith the biocidal efficiency ranging from 43-500%.
The reason why ozone and formaldehyde have 100&tegities may be due to their ability to permeagedell
membrane of the microorganism.

This observation corroborate the reports by Besg@883), that the cell membrane of microorganisms
is composed of several lipids and protein layerarayed together in a specific arrangement calleditayer (or
multi-layer lipoprotein structure). The presencethtd lipids as a building unit in the cell membraeguires
them their hydrophobic character. The selectivengability of the lipoprotein membrane represents rain
function, which control the biological reactionthre cell. Hence, any factor influencing that perhilitg causes
a great damage to the microorganism, which leadtsd®ad. The biocidal activities and efficienc@ghe three
biocides against Iso Zgccharomyces cerevisiae) shows that formaldehyde completely wiped outdhganism
from 2% levels of concentrations, with the biociéfficiency of 71.42 in 1 per cent concentratiom d®0%
from 2% to 5% concentration levels. This was feka by sodium hypochlorite and ozone that depretsed
organisms and the degree of reduction of the osgaumicreases as the concentration of each bionaedses.
This indicates that after 72 hours of contact t@fe formaldehyde eliminated the organism followedsbgium
hypochlorite and than ozone sodium hypochlorite @mahe did not achieve 100% efficiency on Iso 2nynae
due to inability of the chemicals to permeate tedl. dt may also be because Iso 2 is able to degthe
chemicals and use them as sources of carbon. Beerwation is in line with earlier report by Muthwkar et
al., (2007), who opined that in the petroleum tpamSng pipelines, many biocides /some microorgasis
hence, degrade inhibitors used control measurekjdimg the selection of biocides are importanteasp for
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petroleum industry. The biocidal activity and efficcy of the biocides against Iso Beficillium corylophilum)
shows that formaldehyde and ozone completely elitenhthe organism from 1 per cent and 2 per ceptdef
concentrations respectively, after 72 hours cortteet, followed by sodium hypochlorite which onlgmtessed
the organism and the degree of reduction of thargsgn increased as the concentration of the bidniteases.
The reason why formaldehyde and ozone are ablentmpletely wiped off the organism may be because the
chemicals have the potency to kill the organisninbibit growth and reproductive cycles of the origam by
poisoning the microbial enzymes and causing protiginaturation, cell leakage and lysis. This obgsmmwa
corroborates the reports by Longley et al., (1980)0 stressed that formaldehyde is an effectiveitd® that
acts both on proteins and on lipopolysaccharidesrganism’s cell envelope. Formaldehyde is knowrbé
effective even at low concentration of 0.1ppm; g@me is true for ozone. Sodium hypochlorite did no
completely wipe off the isolate even at 5% levehaentration, because the biocide cannot permeate th
lipoprotein membrane of the fungal cell. Althougje biocide did not completely wipe off the orgamjsut it
has achieved up to 95.91 per cent efficiency, ithia line with the reports by Guiamet and de Siarg2005),
which showed that the effective concentration aiclie for the control of microbial growth in a st ranges
from 0.1 to 0.5 ppm.

The biocidal activity and efficiency of the threedides against Iso 4 and Bdfrytis cinerae and
Fusarium oxysporum) (Tables 1 and 2) showed that the three biociggsessed the two isolates with increasing
concentration level. However, Formaldehyde elimédatso 4 Botrytis cinerae) and sodium hypochlorite
eliminated Iso 5Kusarium oxysporum) from 1 per cent concentration level. Ozone ordpréssed Iso 4 and Iso
5 (Botrytis cenerea and Fusarium oxysporum) as the concentration of the biocides increas#s sfficiencies up
to 97.82 per cent for Iso 4 and 5 respectivelysThay be ascribed to the fact that the two orgamsre able to
degrade the chemicals and use them as sourceshoincd he effects of the three biocides againstélsmd 7
(Aspergillus paradoxus and Humicola grisae) showed that formaldehyde depressed Iso 6 and Thas
concentration increases, and completely wiped sdf & from 2 per cent concentration, whereas Isoag w
completely eliminated from 4 per cent concentrati@eone and sodium hypochlorite depressed the two
organisms and the degree of reduction increas#iteasoncentrations of the biocides increase, omobserved
to wipe out Iso 6 from 4 percent concentration. Témults reported here lend further evidence tchifpothesis
that biocides are antimicrobial chemicals that héaeepotency to kill microorganisms or inhibit thgrowth and
reproductive cycles by poisoning the microbial engg and causing protein denaturation, cell leakagdysis.

The biocidal activity and efficiency of the thredides against Iso 8 and Bufeobasidium pullulans
andmonillia balanitis (Tables 1 and 2) depress&dreobasidium pullulans andMonilia balanitis and the degree
of reduction of the organisms increased as the extnation of the biocides increases. The biocidallfy
eliminated the two isolates at 3 per cent and Acpat respectively with 100 per cent efficiendi€able 2) after
72 hours of contact time. Similarly, the same trams observed in the case of sodium hypochlorigenag the
two organisms, except that the organisms were méitad, but efficiencies of 97.92 per cent were eagdd by
the two biocides against the organisms.

The biocidal activity and efficiency of formaldeleydagainst Iso 8 and 9 showed that the biocide
depressedureobasidium pullulans as the concentration increases with 97.78 per effitiency against the
organism. On the other hand, the biocide deprebtwilia balanitis as the concentration increases with final
elimination of the organism at 3 per cent conceimtnaachieved the efficiency of 100 per cent adgathe
organism. These results are in line with the repgrVidela (1996) that biocide is said to be effeetf it can
achieve at least 4 log reduction of total planktoniicroorganisms. In this study, the biocides ubagie
achieved between 97.78-100 per cent efficienciecating almost to total elimination of the orgams.

The biocidal activities and efficiencies of theglbiocides against Iso 10 and Hbi(moconis resinae
andAspergillus flavus) (Tables 1 and 2) showed that the three biocigefopned efficiently. It is observed that
ozone depressed those two organisms with totalretion of Iso 10 at 3 per cent concentration a1l from
2 per cent concentration achieving efficiencie9t64-100 per cent respectively against, the osgasui

Similarly, the same result was observed on theceffé sodium hypochlorite against the organisms. It
was also observed that formaldehyde showed theblmstial efficacy against the two organisms bynatiating
the organisms from 1 per cent concentration achieviO0 per cent efficiency against the organisms
respectively. This result further confirms the rggbat formaldehyde is a non-oxidising biocidetthats both
on proteins and on lipopolyscchasides of organisralsenvelope (Longley et al., 1980). The biodisl&nown
to be effective even at low concentration of 0.1pime results in Tables 1 and 2 show the perforemariche
same concentration of the three biocides on Isg@HEIMinthosporium maydis).

It is observed that the three biocides performéecafely against the fungus by achieving 100 prtc
efficiencies respectively. As the concentratioradfiocide increases, its performance also incredses result
also demonstrated that formaldehyde is known teffetive against microorganisms even at low cotreéion
of 0.1 ppm (Longley, et al1,980).
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4, Conclusion

Laboratory investigations of the effects of differeoncentrations (0, 1, 2, 3, 4 and 5%) of eacthef
three biocides (ozone, sodium hypochlorite and &dehyde) on 12 fungal species isolated from bitilof
corroded oil pipelines. It is shown that the perfance of each biocide increases as the concemtiatioeases
at 72 hours contact time. The results further deswrated that formaldehyde and ozone exhibited &t b
biocidal efficacy against all the fungal specieggreup to 100 per cent efficiency against mosthef fungi,
followed by sodium hypochlorite. These three biesidhave the potency to kill microorganism and irthtgeir
growth and reproductive cycles by poisoning therabi@al enzymes and causing protein denaturatioh, ce
leakage and lysis. The choice of these biocideased on their reported environmental friendlireass stability
over a wide range of pH. The present study aimetktect and control fungal species inhabiting biwdi of oil
pipeline in order to minimize the economic lossesaell as environmental health and safty hazardsezh by
the activity of these organisms.
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Table 1: Deterrnination of the MIC of the Tested Biocides against Fumgal Isolates by using Colorimetric Meannement at 650
Ozone Concentration (%) Sodinn Hypochlorite Concentration (%%) Formaldehyde Concentration (%%)

Iso | O 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
T |04¢ | 000 | 000 | 000 | 000 | 000 | 039 | 022 | 010 | 010 | OO0 | 000 | 038 | 001 | 000 | 000 | 000 | 0.00
Z | 066 | 0A0 | 005 | 002 | 002 | 002 | 039 | 020 | 001 | 001 | 001 | 001 | 028 | 008 | 000 | 000 | 000 | 0.00
3 | 086 | 006 | OO0 | 000 | 000 | 000 | 049 | 012 | 011 | 004 | 002 | 002 | 03 | 000 | 000 | 000 | 000 | 0.00
4 |0de | o0z | 001 | 001 | 001 | 001 | 075 | 020 | 007 | 004 | O0Z | 002 | 075 | 003 | OO0 | OO0 | 000 | 0.00
§ | 051 | 006 | 003 | 002 | 001 | 001 | 0% | 001 | 000 | 000 | OO0 | 000 | 038 | 000 | 001 | OO0 | 001 | o0
¢ | 045 | 015 | 002 | 001 | 000 | 000 | 0% | 020 | 001 | 001 | 001 | 001 | 028 | 008 | OO0 | OO0 | 000 | 0.00
7 | 076 | 012 | 003 | 001 | 001 | 001 | 046 | 006 | 004 | 003 | 001 | 001 | 028 | 005 | 001 | 001 | 000 | 0.00
& | 060 | 010 | 004 | 004 | 001 | 001 | 048 | 022 | 005 | 002 | OO | 001 | 090 | 003 | 002 | 002 | 002 | 002
S |028 | 013 | 003 | 001 | 000 | 000 | 06 | 004 | 002 | 001 | OO0 | 001 | 03 | 003 | 002 | 000 | 000 | 0.00
10 | 081 | 007 | 002 | 000 | 000 | OO0 | 02 | 013 | 004 | 002 | 000 | OO0 | 05 | 000 | 000 | 000 | 000 | 0.00
11 0.55 0oz 000 0.on 0.on 0.on 029 0ls8 0.on 0.on 000 000 0.55 0.on oo 000 0.on 0.on
12 0&h 011 007 001 0.on 0.on 0&h 01z ooz 0oz 000 000 0.za 01a ooz 000 0.on 0.on

Iso I Verticilien dahlae, Iso 2 Sacchavomyces cevevistae, [so 3 Penicillium corplophifum, Iso 4 Bobrytis cinereq, Iso 5 Fusartum oxysporum, [so & Aspergillus pavadoxus, Iso
7 Humicola grisae, Iso 3 Awreodasidium pulluians, Iso 9 Monilia balanitis, Iso 10 Hormoconis resinaer, Iso 11 Aspergillus flavus, Iso 12 Helmunthosporisn maydis

Table 2: Effiriencies (%) of the Tested Biocides against Fungal Isolates from Biofibms of odl pipelines

Ozone Concentration (%) Sodien Hypochlorite Concentration (3%) Formaldehyde Concentration (%)
Iso | O 1 2 3 4 5 1} 1 2 3 4 5 0 1 2 3 4 5
1 1} 100 | 100 100 100 100 0| 4352 | 7435 | 7435 100 100 0| %7.36 100 100 100 100
2 0| 8484 | 9242 | 9657 | 9657 | 9657 | O [ 4871 | 9743 | 9743 97 43 9743 | 0 | 7142 100 100 100 100
3 0| %302 [ 100 100 100 100 0| 7581 | 7758 | 9183 9591 9551 [ 0 [100 100 100 100 100
4 0| 9568 | 9782 | 9782 | 9782 | 9782 | O [ 7333 | 9047 | 9467 97 33 9733 [ 0 | %400 [ 100 100 100 100
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